Graphitic cast steels are in the hypereutectoid range and have spheroidal graphites in the as-cast state. This research can be summarized as follows:
I. Introduction
Graphitic cast steel is generally a steel in the hypereutectoid range with a granular or spheroidal graphite structure in the as-cast state. Considering its oxygen content, the behaviour of graphite of graphitic cast steel has been studied. Carbon and silicon have a most pronounced effect on the graphitizing tendency of gray cast iron, and oxygen and sulfur play an important role. This can be similarly observed in the case of a graphitic cast steel having less carbon content than that of cast iron. It is thought that the contents of oxygen and sulfur which give the strongest graphitizing tendency to graphitic cast steel are equal to those which give the strongest graphitizing tendency to cast iron. The behaviour of graphite of graphitic cast steel containing these contents of oxygen and sulfur is described in this report.
II. Relation between the Graphitizing Tendency of Cast Iron and Contents of Oxygen and Sulfur
One of the present authors reported() that there is a definite relationship between the graphitizing tendency of cast iron, oxygen and sulfur. This is shown on a structural diagram with a given cooling velocity (30 slags. The specimens were divided into those without and with the addition of 3 -5 % first slags prior to the melt-down. After melt-down, 1 % and 2 % secondary slags were added after the slag removal when the first slag was used. 1 % and 2 % secondary slags were added at a rate of 0.3, 0.3 and 0.4% and of 0.6, 0.6, 0.8% after melt-down, before and after tapping. Conditions of FeSi and slag additions to each speciments are shown in Table 1 .
Whether cold raw materials should be treated until melting down by the CaC2 slag or not is the most important point in this research. The neutral slagg contains 50% CaC2 and 50% SiO2, or CaO-SiO2-C(CaO: SiO2 = 1: 1, CaO + Si02: C = 7 -10: 1)(3) and the basic slag contains 50 % CaC2 and 50 % CaO Chemical compositions and FeSi and slag additions are listed in Table 2 and contents of sulfur were adjusted to 150 -200 ppm. Specimens Nos. 1 -12 and Nos. 13 -20 were unalloyed and alloyed graphitic cast steels, respectively. Specimens Nos. 5 -8 contained comparatively larger amounts of nickel and molybdenum and especially about 0.4 chromium.
As described later, the amount of chromium affects distinctly the behaviour of graphite. The effects of inoculation of 50 and 75 % ferrosilicons were studied. The difference of 50 and 75 % ferrosilicons was in their manufacturing process, and the former had a smaller amount of oxygen.
Refining of CaC2 slag was carried out once after melting down and twice before and after melting down. The difference of the effect between these treatments on the oxygen content in steel and the behaviour of graphite were studied.
IV. Oxygen Content in Graphitic
Cast Steel
Measured values of oxygen contents in various can recognize the effect of refining frequency of carbide slag in the case of the unalloyed steel, but this effect did not appear in the case of the alloyed steel.
The oxygen contents in carbon-saturated molten iron under one atmosphere of CO gas were measured by many researchers, but the difference in these values (1)(4) is as large as several ten or several hundred times. The analytical value of oxygen content in cast iron is a subject of much study in the future. Oxygen analytical values of oxygen, oxygen contents in this research were in the range of oxygen contents which promotes the graphitizing tendency.
V. Behaviour of Graphite in Alloyed
Graphitic Cast Steel
The behaviour of graphite is shown in Fig. 2 The ratio of graphite spheroidization increases by the two-time use of slag, with the increase of FeSi content. Compared with the case of 0.5 % FeSi, the two-time use of carbide and the inoculation of 50 FeSi increase the ratio of graphite spheroidization, compared with the one-time use of carbide and the inoculation of 75 % FeSi.
The number of graphite particles increases by the two-time use of slag with increasing FeSi content.
Except for specimen No. 18, the size of graphite particles decreases by the two-time use of carbide with increasing FeSi inoculated amounts. In the case of the addition of 0.5 % FeSi, the size of graphite particles decreases more by the two-time use of carbide than the one-time use, and more by the inoculation of 50% FeSi than that of 75 % FeSi, excluding No. 18.
VI. Behaviour of Graphite in Unalloyed
In Fig. 3 , the ratio of graphite spheroidization, number, the size of graphite particles and the amount of silicon in steel are shown on the ordinate and the abscissa, respectively. The ranges of silicon contents in this research were 1.5 -1.6%. Specimen No. 12 contained an exceptionally large amount of silicon, that is, 2.08 % and in this case the ratio of graphite spheroidization and the number of graphite particles were large, and the size of graphite particles was small. The effect of small amount of chromium on the behaviour of the unalloyed steel was observed. Specimens Nos. 9, 10, 11 and 12 contained almost no nickel, molybdenum and chromium. Specimens Nos. 5, 6, 7 and 8 had small amounts of nickel and molybdenum and about 0.4% chromium. This small amount of chromium induced a large ratio of graphite spheroidization, reducing the size of graphite particles, and depressed the increase in the number of graphite particles caused by the chilling action of chromium. Graphite structures of some specimens in the as-cast state are shown in Photo. 1. The form and size of graphite in specimens Nos. 8 and 12 were more favorable than those of specimens Nos. 9 and 11, because specimen No. 8 had a small amount of chromium and specimen No. 12 had a large amount of silicon.
VII. Mechanical Properties of Graphitic Cast Steel
These are shown in Table 3 . The difference in the frequency of usage of carbide slag does not appear in mechanical properties. The elongation and contraction On the Behaviour of Graphite in Graphitic Cast Steel Table 4 Cooling conditions of specimens. Using a small-size induction furnace, 3 kg of the steel was melted and 0.7 % of FeSi (75 %) was inoculated at
Cooling conditions of the steels are shown in Table  4 . Neutral CaC2 slags were added 3.0 % before melting down, 0.6 % after melting down, 0.6 % before tapping and 0.8 % after tapping. Immediately after the inoculation, and 15, 30, 60, 75, 90, 120 and 150 min after the inoculation, the specimens were taken out with a from the center part.
Taking the elapsed time immediately after casting into the crucible in the charcoal furnace kept at graphite is shown in Fig. 5 . The ratio of graphite spheroidization has no relation to the elapsed time. primary cementite other than graphite. The amount of graphite decreases rapidly in fifteen minutes after casting by oxidation, but afterwards it changes slightly (Fig. 6 ).
IX. Summary
(1) The desirable oxygen and sulfur contents for graphitic cast steel are equal to those (20 -30 ppm oxygen and 150 -300 ppm sulfur) of the gray cast iron having the largest graphitizing tendency.
(2) The use of carbide before and after melting down lowers oxygen contents in graphitic cast steel, improving the behaviour of graphitization; that is, the ratio of graphite spheroidization and the number of graphite increase and the size of graphite decreases.
(3) As the inoculation amount of ferrosilicon is increased the behaviour of graphitization becomes improved. The graphitizing ability of the inoculant on the behaviour of graphitization must be taken into consideration.
(4) In the fading of graphite, the ratio of graphite spheroidization is not decreased and the size of graphite in this experiment becomes smaller with the lapse of time.
